SUMMARY
We were interested in methods to minimise distress for children having cardiac catheterisation. Many agents and combinations have been used to administer anaesthesia for paediatric cardiac catheterisation, but none has been shown to be superior [1] [2] [3] . Various non-pharmacological methods to reduce the anxiety of patients scheduled for anaesthesia have been studied, with inconsistent results 4 . Auditory support, such as music, has been shown to decrease sedative requirements and sympathetic tone in general or regional anaesthesia 5, 6 . This effect has also been demonstrated in paediatric patients 7 . Parental presence has also been investigated, although its effect on patient anxiety and anaesthetic requirements is still controversial [8] [9] [10] .
The aim of this randomised controlled trial was to assess the impact of hearing a recording of children's own mothers' voices on sedative/ anaesthesia requirements, perioperative anxiety and emergence agitation of paediatric patients undergoing cardiac catheterisation. Also, we examined the influence of this recording on parental anxiety before and after the procedure.
Of the many agents and combinations that have been used to administer anaesthesia for paediatric cardiac catheterisation [1] [2] [3] , we use intravenous sedation/anaesthesia with ketamine for children undergoing cardiac catheterisation. Preoperative preparation and conduct of anaesthesia for patients with congenital heart disease should consider the risk of arterial hypoxia and haemodynamic derangements. Over-sedation should be avoided, but movement related to undersedation may prolong the operation time and incomplete analgesia increase the incidence of perioperative anxiety in children. Ketamine, especially in excessive doses, may be associated with increased oral secretions, delayed awakening and adverse haemodynamic effects.
METHODS
This study was approved by the institutional review board of Severance Hospital. Written and informed consent was obtained from the parents of the children. Children who were scheduled for cardiac catheterisation and their mothers were involved. The exclusion criteria included mental or neurologic disease, abnormality in hearing, age under 12 months, interventional procedure, need for intubation/mechanical ventilation/inotropic support or anaesthesia other than total intravenous anaesthesia with ketamine. The day before the procedure, the mother of each patient was asked to record her voice using a prepared voice recorder (Sony ICD-BP350) for no less than 30 minutes. Mothers were free to choose their own content for the recording; soothing content such as singing, talking or praying were suggested as possible choices. The children were randomly assigned to the control group or the mother-voice (MV) group. Randomisation was done according to a computergenerated randomisation table. Each child fasted for eight hours preoperatively and was premedicated with atropine 0.01 mg/kg. An intravenous catheter was placed on the morning of the procedure. After the patient arrived in the holding area, children in the MV group wore headphones and heard the recording of their mother's voice, while children in the control group wore headphones and heard no recording. In the holding area, each patient's anxiety was assessed using the modified Yale preoperative anxiety scale (mYPAS) 11, 10 . This instrument is comprised of five categories: activity, vocalisation, emotional expressivity, use of parents and state of arousal. Each category has four or six possible scores. The total adjusted score was calculated with the equation described below:
Total adjusted score of mYPAS = (activity/4 + vocalisation/6 + emotional expressivity/4 + state of arousal/4 + use of parents/4) × 100/5.
Anaesthesia was induced with a bolus of intravenous ketamine 1 mg/kg and the patient was transferred to the catheterisation room which was next door to the holding area, with an oxygen mask with a portable oxygen cylinder. Electrocardiogram, pulse oximetry and non-invasive blood pressure monitoring were applied and each value was recorded every five minutes. Haemodynamic data were analysed at the following times: T0=immediately after anaesthesia induction, T1=10 minutes after anaesthesia induction, T2=immediately after catheterisation started, T3=10 minutes after catheterisation started and T4=10 minutes after arrival in the postanaesthetic care unit. Anaesthesia level was maintained at a predetermined sedation scale score of 1 (0=excessive sedation requiring respiratory/haemodynamic support, 1=asleep, barely arousable, 2=asleep, arouses with light touch, 3= sleepy, eyes open but diminished activity, 4=awake with no sign of sedation, 5=agitated). Light glabellar touch was repeated every five minutes to assess the sedation score. Catheterisation was done via the femoral artery by one paediatric cardiologist. If the operator cannulated the femoral artery on the first side attempted, this was classified as "successful on first side attempted". If the operator failed to cannulate the femoral artery on the first side attempted and changed the cannulation site to the other side, the case was classified as "unsuccessful on first side attempted". During the procedure, anaesthesia was maintained with boluses of intravenous ketamine 0.5 mg/kg when systolic blood pressure or heart rate rose over 20% from the baseline or when the sedation scale was 2 or more. The number of times the cardiologist complained of excessive movement of the patient was recorded. After the procedure, the child was transferred to the post-anaesthetic care unit (PACU). Headphones were applied throughout the perianaesthetic period (from the holding area through the PACU stay). Emergence agitation was graded on a four-point scale by the PACU nurse using the following scale: 1=calm, 2=not calm but could be easily consoled, 3=moderately agitated or restless and not easily calmed, and 4=combative, excited or disoriented, thrashing around 12 . The patients were transferred to the ward when they met the discharge criteria: confirmation of haemostasis, sedation scale of 4 or more, and haemodynamic and respiratory stability maintained for at least 15 minutes. The parents were reunited with the patients at the exit of the PACU. The anaesthesiologist, paediatric cardiologist and PACU nurse were blind to the group allocation.
The anxiety of the patients' mothers was assessed twice using Spielberger's State-Trait Anxiety Inventory: first at the holding area after their children went into the operating room, and again two days after the procedure. Spielberger's StateTrait Anxiety Inventory 13 has two separate scales for measuring the distinct concepts of state and trait anxiety. State anxiety, which refers to a transitory emotional state, is characterised by subjective feelings of tension that may vary in intensity over time. On the other hand, trait anxiety is relatively stable, and the trait anxiety scale assesses the tendency of an individual to respond to stressful circumstances under conditions of increased anxiety. The children's anxiety was assessed again two days after the procedure using mYPAS.
To estimate the sample size needed to test the hypothesis that a mother's voice reduces perioperative anxiety and sedative requirements during paediatric cardiac catheterisation, we referred to previous studies by Pirat et al 14 where additional ketamine of 2.2±1.1 mg/kg was needed, and Kain et al 15 where the standard deviation of the mYPAS was 16. To detect a 1.0 mg reduction of additional ketamine, with a power of 80% and alpha less than 0.05, 20 patients were required. Likewise, 22 patients were needed to detect 14 points of mYPAS reduction with a power of 80% and alpha less than 0.05.
Statistical analysis was done with SPSS (SPSS Inc., version 16.0, Chicago, IL, USA). Data were expressed as mean ± SD. Independent t-test was used for continuous variables and χ 2 was used for categorical variables except for ordinal parameters. Emergence agitation was analysed with a Mantel-Haenszel test. Serial changes of variables were analysed with repeated measures of analysis of variance. Statistical significance was assumed for P < 0.05.
RESULTS
A total of 50 patients were studied, but four were excluded because of endotracheal intubation during the procedure. Therefore, 46 children (ages 22 months to 14 years) were analysed. Demographic data showed no significant difference between the two groups ( Table 1 ). The frequency of the operator's complaints during the procedure was comparable ( The total ketamine requirement divided by the patients' body weights was comparable, but when it was divided by the anaesthesia time, there was a trend toward a lesser amount of ketamine per minute required in the MV group (58.8±17.3 vs 49.0±17.1 μg/kg/minute, P=0.06).
There were no group differences with respect to heart rate, blood pressure or percutaneous haemoglobin oxygen saturation (Table 3) . Heart rate significantly increased at T2 (immediately after catheterisation started) compared to the baseline value (T0) and returned to the baseline level at T3 in both groups, but there was no difference between the groups.
The patients' mYPAS scores at the holding area were significantly greater in the control group (35±12 vs 28±9, P=0.038; Table 4), but there was no significant difference between the groups after the procedure (P=0.835). Emergence agitation evaluated in PACU was significantly attenuated in the MV group (P=0.001). When we examine the effect of gender on emergence agitation with the Mantel-Haenszel method, emergence agitation was significantly attenuated in female patients in the MV group (P=0.012), while male patients did not show a statistically significant group difference (P=0.281).
The mothers' state and trait anxiety scores were statistically similar before and after the procedure. The mothers' preoperative state and trait anxiety tended to be higher before cardiac catheterisation. The difference in state anxiety before and after the catheterisation was greater in the MV group, but did not reach statistical significance (P=0.083). In the MV group, the mothers' state and trait anxiety were both significantly reduced after the procedure, compared with the preanaesthetic values using a paired t-test (P <0.01). In contrast, only state anxiety was significantly decreased after the procedure in the control group (P <0.05). The contents of the recordings made by mothers in the MV group were musical in 12 cases, nonmusical in eight cases and mixed in three cases. When the MV group was divided by the musical or non-musical subgroups, there were no subgroup differences in the anxiety of mothers and children. Emergence agitation was also not affected by the contents of the recording (P=0.380).
DISCUSSION
This study showed that children undergoing cardiac catheterisation under general anaesthesia using ketamine have reduced emergence agitation after hearing a recording of their mother's voice during the perianaesthesia phase. Maternal voice did not reduce anaesthetic requirements.
Administering auditory stimuli during general anaesthesia or sedation is an interesting topic for anaesthesiologists. There have been many trials investigating the sedative or analgesic effect of music; however, the results of those trials are conflicting 5, [16] [17] [18] [19] . Ayoub et al 5 indicated that music could decrease the propofol requirement during anaesthesia by controlling ambient noise. Blocking ambient noise, even without using music, can reduce the bispectral index during regional anaesthesia with sedation 20 . Music has been demonstrated to decrease bispectral index 6 . Music has also been Values are mean ± SD or number of patients. T0=immediately after anaesthesia induction, T1=10 minutes after anaesthesia induction, T2=immediately after catheterisation started, T3=10 minutes after catheterisation started, T4=10 minutes after arrival at postanaesthetic care unit, HR=heart rate, MV=mother-voice, SBP=systolic blood pressure, DPB=diastolic blood pressure. * P <0.05 comparing with the values at T0. Values are mean ± SD or number of patients. MV=mother-voice, POD=postoperative day, mYPAS=modified Yale preoperative anxiety scale. Emergence agitation: 1=calm, 2=not calm but could be easily consoled, 3=moderately agitated or restless and not easily calmed, 4=combative, excited or disoriented, thrashing around. * P <0.05, † P <0.01 comparing with the value at holding area (paired t-test).
shown to decrease neurohormonal stress markers like adrenaline, noradrenaline and cortisol, but failed to show any differences in patients under general anaesthesia 17 . We designed this study to investigate the proposition that a familiar reassuring auditory stimulus, namely a recorded maternal voice, would have a positive effect in deceasing anxiety.
The use of a maternal voice as a tool for supporting a child's well-being has mainly been investigated in neonates or preterm infants in neonatal intensive care units 21, 22 . Due to the immaturity of the sensory development of these subjects and insufficient time to interact with their mothers, the significance of the effect of maternal voice on these neonates and infants remains unclear. Children over 12 months can be expected to be more susceptible to the influence of maternal voice because they have had a longer time to establish a mother-child relationship. With regard to parental presence, parents' and anaesthesiologists' preferences are different 23 . Parents impose a greater value on parental presence, while anaesthesiologists do not. The effect of parental presence on children's anxiety has been investigated, with evidence that it does not reduce anxiety in children or parents 4 . There are a number of reasons why parental presence may have variable effects on children's anxiety. One mechanism for increasing the child's anxiety is that parental anxiety can be transferable to their children. Bevan et al studied this, dividing parents into 'anxious' and 'calm' groups 24 . Having the anxious parents present during anaesthesia induction was associated with the most distressed children at induction, compared with the presence of calm parents or the absence of anxious parents. We think that maternal voice recorded in a less anxious situation than the induction of anaesthesia might be a way to provide reassurance to the child while sparing the parent the anxietyprovoking aspects of anaesthesia. We also note that a mother's anxiety may be significantly relieved when she is satisfied about her degree of involvement in her child's medical processes.
The effect of maternal voice on children's anxiety was demonstrated by a reduced preoperative mYPAS score in the present study. Maternal voice also significantly attenuated emergence agitation. According to these findings, the recorded maternal voice can exert a positive influence on paediatric anxiety in the operating room or PACU. In addition to the effect on the patients, the process of voice recording made the patients' mothers feel that they were more involved in the process of medical care for their children, and thus the mothers' state and trait anxiety tended to decrease after the procedure. This is an important finding, as caregiver anxiety has been known to have adverse effects on children, both psychologically and physically 25, 26 . Although we could not observe group differences in the children's anxiety after catheterisation, relieving the caregivers' anxiety could be associated with anxiety reduction in paediatric patients after they are reunited with their parents, a phase we did not study. Another interesting point was that emergence agitation showed gender differences. Female patients showed significant attenuation of emergence agitation with the mothers' voice, while male patients did not. It is well-known that there are gender differences in the incidence and prevalence of disorders such as depression or anxiety 27 . We think gender differences in anxiety associated with anaesthesia require further investigation.
This investigation has a few limitations. First, this study presumed that the mother-child relationship had been positively established prior to the procedure; however, no objective data in relation to this psychological factor was obtained. The existence of a weak or negative relationship between mother and child could influence the outcomes. Second, the mothers' previous musical background or experience could be an important factor in recording their voices. In fact, recording one's own voice might be a very private or self-conscious experience for mothers. Providing an appropriate time and place for the mother to record herself can be crucial in guaranteeing the quality of recording. It would be of interest to study the effect of recordings of other main caregivers, such as fathers or grandparents. Third, the wide range of age was a weakness of this study. The subjects' ages ranged from 2 to 14 years. They were in different developmental stages, therefore their reactions to stimuli that influenced anxiety, anaesthetic requirements and motherpatient interaction were expected to be different. We consider that further study should focus on narrower age groups of patients.
The decreased anaesthetic requirement for the MV group was not statistically significant. The longer procedure time in the MV group and the relatively small sample size, powered for a change in mYPAS score, will have reduced the likelihood of this result reaching statistical significance. Although we were unable to determine why the procedure took a longer time in the MV group, it is unlikely that an increase in patients' movement due to incomplete anaesthesia was the cause, as the frequency of the cardiologist's complaints regarding this issue was comparable in both groups.
In conclusion, providing recorded maternal voice for children to listen to during the perianaesthesia period decreased preoperative anxiety and attenuated emergence agitation in paediatric cardiac catheterisation patients and was associated with a greater decrease in maternal anxiety from pre-to postoperative phases. The recorded maternal voice, a non-pharmacological modality, appears a potentially useful tool worthy of further investigation and clinical application.
